our working hypothesis, as presented in Figure 1 , was In all RTKs, including the ErbBs, the active kinase that ErbBs are regulated by another mechanism intrinsic triggers a wide spectrum of crucial intracellular signaling to the intracellular domain; one that is phosphorylation events (Schlessinger, 2000) , and their catalytic activity independent. is encapsulated in multiple layers of regulation (Huse The orphan receptor ErbB2 presents an even more intriguing case than other members of the EGFR family because its activation is not only phosphorylation inde-*Correspondence: bental@ashtoret.tau.ac.il
Figure 1. Schematic Diagram Representing the Suggested Model of EGFR Activation
Two EGFR monomers are colored light purple and yellow. The extracellular domain (residues 1-620, labeled I, II, III, and IV according to its subdomains) and the kinase domain (residues 685-957) are connected via a transmembrane helix (residues 621-642) and a short juxtamembrane segment (not shown). The C-terminal domain, comprising 229 amino acids, whose structure has not been determined, follows the kinase domain. Tyrosine residues (Y) known as the autophosphorylation sites in the C-terminal domain are indicated. In the inactive conformation (left), each of the extracellular domains assumes a compact structure, and the intracellular domains contact via the C-terminal fragments, leading to an inactive and stable form. Activation (right) occurs when ligands (purple ovals) bind to the extracellular domains, leading to the formation of a stable extracellular contact, which is followed by the rotation of the transmembrane helices and the subsequent destabilization of the contacts between the C-terminal and kinase domains. The kinase can now transautophosphorylate the tyrosine residues of its own C-terminal domain, as well as tyrosine residues of its protein substrates. The figure displays an illustration of the transmembrane domain; the suggested molecular model for the transmembrane domain in the active and inactive states was presented in (Fleishman et 
C-terminal domain (residues 977-995). The crystal struc-
ErbBs contained 8-10 acidic and no basic residues (Figure 3) . These residues produced a highly negative electure reveals six putative dimer forms (Stamos et al., 2002) . We focus here on the one with the largest intertrostatic potential ( Figure 2C) . Thus, the kinase domain and the C-terminal fragments form complementary sursubunit interface. In this complex, the kinase domain was found as a symmetric homodimer (Figure 2A Figures 2B and 2D ). This potential originates from positively charged residues in both subunits, suggesting that the kinase domains would repel one another in the absence of the C-terminal fragments. Kinase do- 
Evolutionary Conservation Analysis
The kinase domain of ErbB3 has no catalytic activity, The EGFR participates in imperative cell processes and ought to remain inactive under most physiological conyet it dimerizes with other members of the ErbB family to produce heterodimers with highly efficient catalytic ditions (Huse and Kuriyan, 2002). Therefore, its inactive state should be very stable. Indeed, the complex in the activity (Schlessinger, 2000) . These distinct features are manifested in the evolutionary-conservation analysis. crystal structure of the EGFR appears to be stable, based on the geometric and charge complementarity, ErbB3's kinase domain displays variations in the catalytic site in comparison to other members of the ErbB further supporting the notion that this complex is inactive. It has been suggested that ligand-induced contact family, thus rendering it inactive. However, the interface between the kinase domain and the C-terminal fragment formation of the extracellular domains would lead to is highly conserved within the ErbBs and their orthologs, including ErbB3. As a reference, an analysis of 121 kinase domains from various TKs showed that the catalytic site, including the ATP and substrate binding loop, was highly conserved, whereas the interface between the kinase domain and the C-terminal fragment was highly variable (data not shown).
Overall, the conservation analysis provides further support for the suggestion that the dimeric complex observed in the crystal structure is not common to all the TKs. However, the contact area between the kinase and C-terminal domains in this complex is common to the ErbBs, which thus maintain the ability to produce homo-and heterodimers through the same interface.
A Network of Correlated Amino Acid Substitutions between Regulatory Elements
By and large, all TKs carry out the same catalytic process. Thus, key residues in the kinase domain, which are responsible for catalysis of phosphotransfer, are under strong evolutionary constraint, as mentioned above. However, in order for the kinases to be involved in numerous and distinct signal transduction pathways, each kinase family exhibits variations in its amino acid sequence that are necessary for the modification of the mode of regulation. Since multiple positions are involved in determining these traits, these sequence variations should occur concomitantly in relevant regulatory elements. In other words, during evolution, substitutions of one residue in regulatory elements may be compensated by a concurrent change in another residue, in order to maintain the structural or functional relationship in Table 2 . The list includes residues from the known regulatory regions, as well as residues that connect the kinase and the C-terminal domains and participate in work of correlations identified amino acids playing a the polar network across the interface ( Figure 5B ). role in regulation. Interestingly, the same cluster also displays correlations between residues mediating contact between the kinase and C-terminal domains. Tyr954 Discussion is located on the kinase domain and contacts the C-terminal fragment. This residue is in close proximity ErbBs are structurally unique among TKs, as all of the catalytic elements in their kinase domains are ready for to, and is highly correlated with, residues Asp985 and Val987 of the C-terminal fragment ( Figure 7A) . Taken phosphotransfer at all times (Stamos et al., 2002 ). Yet, various functional assays show them not to be constitutogether, these correlations consolidate our hypothesis that the contact between the kinase and C-terminal dotively active (Schlessinger, 2000) . The absence of a central regulatory module raises a fundamental dilemma, mains is biologically meaningful.
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